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Basis of the report 



With regard to the elements of the international application:* 
[ I the international application as originally filed. 

[x] the description, pages 1-36 , as originally filed, 

pages , filed with the demand, 
pages 
pages 
pages 
pages 



X the claims. 



X the drawings. 



received on with the letter of 
as originally filed, 

as amended (together with any statement) under Article 19, 
filed with the demand, 
pages 37-39, received on 14 March 2000 with the letter of 9 March 2000 
pages 1/12-12/12, as originally filed, 

pages , filed with the demand, 
pages , received on with the letter of 
I I the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , received on with the letter of 

With regard to the language, all the elements marked above were available or fiimished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or fiimished to this Authority in the following language which is: 
I I the language of a translation fiimished for the purposes of intemational search (under Rule 23. 1(b)). 

I I the language of publication of the intemational application (under Rule 48.3(b)). 

I I the language of the translation fiimished for the purposes of intemational preliminary examination (under Rules 55.2 
and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, was on the basis of 
the sequence listing: 

I I contained in the intemational application in written form. 

I I filed together with the intemational application in computer readable form. 

I I fiimished subsequently to this Authority in written form. 

I I fiimished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently fiimished written sequence listing does not go beyond the disclosure in the 
intemational application as filed has been fiimished. 

[ I The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been fiimished 

I X I The amendments have resulted in the cancellation of 

I I the description, pages 

I I the claims, Nos. 29-115 

I I the drawings, sheets/fig. 

[ I This report has been established as if (some of) the amendments had not been made, since they have been considered 

to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 

report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70. J 7). 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 1-28 YES 

Claims j^q 

Inventive step (IS) Claims 1-28 YES 

Claims j^q 

Industrial applicability (lA) Claims 1-28 YES 

Claims j^q 

2. Citations and explanations (Rule 70.7) 

This report is based on the following documents which were identified in the International Search Report: 
WO 96/22054 
WO 91/04073 
CA 1205013 
WO 92/15341 



None of these documents disclose the features of the present claimed invention. While WO 96/22054 does disclose a 
method of joining tissue by applying a biodegradable, biological solder, it is distinguished from the present claimed 
invention because the biomolecules are denatured to reduce the solubility of the solder. The present claimed invention 
is thus considered novel and inventive over the above-mentioned documents. 
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Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

1 Claim 10 is not clear with regard to the kit. The kit comprises "a solder according to any one of the preceding 
claims"; as such it is considered to be the same scope as any one of the preceding claims and is thus redundant in light 
of those claims. 
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CLAIMS ; 

1. A subscancially solid biomolecular solder 
comprising biomolecules whicli are denatured so that in 
use, the solubility of the solder is reduced. 

2 . A solder according to claim 1 wherein the 
biomolecule is a protein. 

3 . A solder according to claim 2 wherein the 
protein is any one or more. of albmnin, elastin, collagen 
and fibrinogen . 

4. A solder according to any one of the preceding 
claims, further comprising a dye for improving energy 
deposition into the solder when the solder is exposed to 
energy . 

5- A solder according to claim 4 wherein the dye is 
indocyanine green, methylene blue or fluorescent 
isothiocyanate . 

6. A solder according to any one of the preceding 
claims, further comprising an adjuvant for promoting rapid 
or more complete tissue healing. 

7. A solder according to claim 6 wherein the 
adjuvant is a growth factor, sodium hyaluronate, a hormone 
or an anti-coagulant. 

8. A solder according to any one of the preceding 
claims, further comprising a material for improving the 
strength of the solder, 

9. A solder according to claim 8 wherein the 
material is a polytetraf luoroethylene fibre or a ceramic 
fibre. 

10. A kit comprising a solder according to any one 
of Che preceding claims. 

11. A method of preparing a biomolecular solder-; the 
method comprising the following steps: 

(a) forming a substantially solid composition 
comprising biomolecules and a solvent; 

(b) denaturing the biomolecules in the 
composition; and 



Received 9 Maich 2000 

- 38 - 

(c) drying che composition to form the solder; 
wherein in step (b) , the biomolecules are denatured so 
that in use, the solubility of the solder is reduced. 

12. A method according to claim 11 wherein in seep 
(b) the biomolecules are denatured by exposing the 
composition to energy for a time period which is 
sufficient to allow the energy to denature the 
biomolecules . 

13. A method according to claim 12 wherein the 
energy is thermal energy, 

14 y A method according to claim 13 wherein the 
biomol^ules are denatured by heating the composition at a 
temperature of greater_than 40°C for a time period of about 
3 0 seconds or longer. 

15. A method according to claim 14 wherein the 
composition is heated in a hot liquid bath or in 
pressurised steam. 

16. A method according to claim 11 wherein in step 
(b) , the biomolecules are denatured by exposing the 
coniposition to a compound for a time period which is 
sufficient to allow the compound to denature the 
biomolecules . 

17. A method according to claim 11 wherein in step 
(a) , the substantially solid composition is formed by 

mixing the biomolecules with a solvent in amounts which 
are sufficient to allow the substantially solid 
composition to form. 

18. A method according to claim 17 wherein the 
biomolecules and the solvent are mixed in amounts of 
80%w/w and 20%w/w respectively- 

19: A method according to claim 11 wherein in step 
(a), a dye for improving energy deposition into the solder 
is added to the substantially solid composition. 

2G. A method according to claim 19 wherein the dye 
is added to the composition in an amount between 0.1 to 
2.5% w/w. 
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21. A method according to claim 20 wherein the dye 
is mixed with the solvent, prior to mixing the solvent 
with the- biomolecules , 

22. A method according to claim 11 wherein in step 
(c) , drying the composition to form the solder removes all 
of Che solvent from the solder. 

23. A method, according to claim 11 wherein the 
composition is formed into a shape before the biomolecules 
in the composition are denatured in step (b) 

24. A method according to claim 23 wherein the 
composition is applied to a structxire before the 
biomolecules in the composition are denatured in step (b) . 

25. A method according to claim 24 wherein the 
structure is a mesh, stiff ener or graft material. 

26. A method according to claim 11 further 
comprising the step of ' sterilizing the solder. 

27- A method of repairing a biological tissue, the 
method comprising the following steps: 

(a) applying a solder according to claim 1 to the 
site of a tissue to be repaired; and 

(b) exposing the solder to energy for a time 
sufficient to allow the solder to bond to the tissue so 
that the tissue is rep-aired. 

28. A method according to claim 27 wherein the 
solder is moistened before application co the site of the 
tissue to be repaired. 
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METHOD OF TISSUE REPAIR II 



Technical Field 

The present invention relates to methods for joining: 
5 living tubular tissues; organs and their coverings; skin 
and appendages; as well as the various internal and 
peripheral nerves of the body, the spinal cord and its 
ramifications. The invention also relates to a solder for 
use in those methods and methods for preparing the solder. 

10 

Background Art 

In repairing living tissues, sutures or clips are 
routinely used to close defects, join planes of tissues or 
to join bodily tubes together (anastomoses) . 

15 This involves the placing of materials in the body 

which cause some damage to the tissues involved, but hold 
those tissues in apposition while the body's own healing 
processes effect a more permanent join. The damage that 
various joining materials cause varies but even careful 

2 0 placement of microsutures in the smallest of bodily tubes 
during an anastomosis produces a fibrous tissue reaction 
around each of the suture materials left in situ. 

Joins, however made, take time, and those joins made 
by placing individual sutures in tubular joins are the most 

2 5 time consuming. Sewing in a ring of sutures to effect such 

a join inside the body may demand a large incision to 
obtain the access required to effect enough surgical 
freedom to manipulate the equipment and instruments 
required. Microsuturing requires considerable skill. 

30 

Arteries and Other Tubes 

Fluids, and materials suspended within them, can 
travel along the body's patent tubes. Arteries carry blood 
from the heart to other organs and tissues in the body. 

3 5 They have 3 layers, an inner specialised mucosa (termed the 
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intima) , a thicker, middle, muscular and structural layer 
which contains collagen and elastin connective proteins 
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(the media), and an outside layer which is a scaffold with 
fibrous tissue, blood vessels and nerves all supplying the 
functions of the artery (the adventitia) . The inner volume 
of the artery is the lumen . 

For tubes such as arteries to function in transporting 
blood at high pressure, they need to be strong. They are - 
actually active in transporting a pressure wave of blood by 
expanding and relaxing (systole and diastole) as the bolus 
of blood passes. Joining such active tubes requires such 
physiological activity as promoting blood flow to be 
considered and the design of methods of anastomosis that 
will allow the activity to continue after the join. 

Injuries to an artery are potentially very serious for 
an animal or human, as blood flowing through the artery is 
at high pressure and blood loss can be rapid. If the 
intima layer is damaged, then the middle, structural layer, 
the media, is exposed to blood. This triggers an important 
repair mechanism which acts to seal the wound and prevent 
further bleeding by the formation of blood clots on the 
wound, caused by blood coming into contact with the exposed 
collagen of the media. 

Although microsuturing is the standard clinical repair 
technique for a severed artery, it has several 
disadvantages. A high skill level is required to make 
between 6 and 12 separate sutures to repair the artery. 
The sutures remain in the body acting as a site for fibrous 
tissue to form due to foreign body reaction, and this 
fibrous tissue is a point of weakness in the artery even 
after it is deemed to have healed. Although suturing does 
not produce a fluid-tight seal, surgeons usually rely on 
blood clotting triggered by the mechanism described above 
to seal the vessel soon after the repair is complete. 

A number of laser-assisted welding techniques have 
been explored in order to find a more convenient technique 
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which does not lead to so much scarring. These almost 
always need stay sutures (sutures used to join the vessels 
before laser treatment, which may or may not be removed 
subsequently) for a successful outcome. In this case the 
two vessel ends are held together to allow stay sutures to 
be inserted and then a laser is used to heat the tissue at 
the join so that proteins at the site are coagulated and 
bond together. Lasers such as the infra-red holmium-doped 
YAG and carbon dioxide lasers have been used because these 
produce wavelengths which are strongly absorbed by water in 
the tissue. Alternatively a dye solution may be applied to 
the tissue to enhance light absorption at a suitable laser 
wavelength. In any case, it is crucial that the intima 
layers of the 2 ends are in continuity, to avoid a blockage 
or a clot and to promote smooth laminar flow in the 
repaired vessel. This is difficult to achieve in thick- 
walled vessels where the laser energy may not be absorbed 
through all three layers of the vessel to form a strong 
weld with a smooth intima layer. 

Some protein glues have been used to repair blood 
vessels, such as fibrin (which triggers a blood clotting 
reaction to effect a tissue join) . A possible disadvantage 
of such a glue is the potential to be associated with blood 
clotting within the vessel, partially or wholly obstructing 
it. 

Laser-activated fluid albiamin solder has also been 
used, but the solder has required stay sutures to achieve 
sufficient repair strength for arteries which carry blood 
at high pressure . Fluid glues and solders tend to run 
between the tissue ends, risking blockage of the inner 
lumen, and are difficult to control and position accurately 
on the tissue repair. To attain a seal, they have been 
applied circumf erentially around the join, which is then 
circumf erentially welded. These joins later show thick 
scarring which can cause stricture or blockage of the 
vessel or tube . 
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There is also a lack of precision in such techniques, 
because of differences in the glue or fluid solder 
consistency, variations in the type of applicator device 
used to apply the glue or fluid solder, and the pressure 
5 needed to form a join. 

A major drawback with current fluid solders is that 
they rapidly deteriorate and change composition when 
introduced into moist environments. 

Similarly, existing solid solders must be kept dry 
10 when introduced to moist arteries, to prevent them from 
absorbing moisture, weakening their internal bonding and 
losing strength, even though this occurs more slowly than 
for fluid solders. 

The repair of other bodily tubes is similar in 
15 concept. Since the structure of each tube is specialised 
to its function and the nature of its contents, there must 
be careful choice of the method of tube repair so that it 
will not interfere with the tube function, and in 
particular with maintaining the inner lumen of the tube. 

20 

Peri ph era 1 Nerve s 

The electrical signals that control the body's organs 
and transmit information back and forth to the central 
nervous system (CNS) travel along peripheral nerves. 

25 A peripheral nerve has an outer membrane consisting of 

connective tissue such as collagen. This membrane 
(epineurium) protects and holds separate bundles of nerves 
or fascicles together. The fascicles group together nerve 
axons supplying a specific region of the body and are 

3 0 bounded by perineuriiom membranes. Each axon is supported by 
a Schwann cell within the fascicle. Nerve metabolism is 
sustained by the vascular system from both outside and 
within the ne2rve.. 

When a peripheral nerve is cut all axons distal 

35 (further from the spine) to the wound change their 

properties. Even when the nerve is reconnected, these axons 
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continue to degenerate distally. The Schwann cells which 
normally wrap themselves around the axons as insulation, 
guide regenerating axons. Joining nerves as accurately as 
possible by lining up corresponding fascicles enables the 
5 enclosed axons to more efficiently regenerate. 

Peripheral nerves can have diameters ranging from 
approximately 1cm to approximately 50 micrometres. 

Operating on nerves and other tissues of small 
dimensions has been facilitated by using magnification and 
10 special microsurgical equipment. Accurate nerve repairs 

need to be effected at the fascicular level ensuring that 
regeneration is along the correct bundle leading to the 
original area those axons supplied. 



15 microsuturing . This technique requires a dedicated, 

trained surgeon as microsuturing of just one of the many 
fascicles with three or more microsutures (using say a 70 
micron diameter needle and 3 0 micron thread) can take very 
long operating times . There is the prospect of added 

2 0 damage to the inner axons due to sutures penetrating the 

thin perineurial sheath. The use of sutures results in some 
scarring of the repair due to foreign body reaction. 
Excessive scarring impairs nerve function and may be 
associated with painful neuromas. There is also evidence, 
25 that in the long term, scar tissue formation and scar 
maturation can impair the joined nerve. 

Work has been performed on the use of lasers alone in 
effecting nerve joins. To date the welds have typically 
been made using infrared lasers such as carbon dioxide 

3 0 lasers which rely on water absorption for energy * transfer . 

Tissue preparation before welding relies on overlapping the 
nerve membranes . One of the problems of laser welding has 
been the fact that the intact axonal tissue is under 
pressure within the fascicle, so that when it is cut the 
3 5 axons extrude. Laser treatment can thus lead to 



The current technique of peripheral nerve repair uses 




wo 99/65536 ^ PCT/AU99/00495 

- b - 

denaturation of the axon material leading to scarring and 
proliferation of fibrous tissue. 

Laser-activated protein solders have also been tried, 
as described for the artery and blood vessel case above. 
5 Again because of difficulties in controlling fluid solders, 
and the weakness of the resulting bonds in a moist 
environment, these repairs are usually too weak without the 
addition of stay sutures. This complicates the surgical 
technique and leads to additional scarring and foreign body 

10 reaction . 

The bonds formed to date as described in the prior 
art using laser welding have typically lacked strength and 
thus microsuturing has been used in addition to welding to 
strengthen these joins. 

15 Solutions to at least some of these problems are 

taught in WO96/22054. The present invention relates to 
alternative solutions . 



DESCRIPTION OF THE INVENTION 

20 In a first aspect the present invention provides a 

biomolecular solder comprising an at least substantially 
solid composition of at least one biomolecule which has 
been mixed at high concentration with an aqueous solvent, 
which composition is treated to at least partially denature 

25 the biomolecular component (s) of the solder and to at least 
partly dry the solder . 

The biomolecule (s) is typically proteinaceous but it 
is envisaged that other naturally occurring biomolecules 
could be used as alternatives. Further, analogues of 

3 0 biological, biodegradable polypeptides could be used. 

Analogues of biological, biodegradable polypeptides useful 
in the solders of the invention include synthetic 
polypeptides and other molecules capable of forming the 
solder of the invention but which do not cause adverse 

35 reaction in the tissue undergoing repair. 
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Where the biomolecule is a protein, the protein can be 
any protein or mixture of proteins but is preferably bio- 
degradable in the relevant host. Examples of suitable 
proteins include albumins, collagen, fibrinogen and 
5 elastin. Suitable proteins are typically those which can 
be cross-linked to form a matrix and which can be resorbed 
by the body. Where combinations of proteins are used it is 
envisaged that those combinations will be of proteins 
having similar denaturation temperatures. An example is the 

10 combination of albumin and collagen. Use of different 

albumins is contemplated including bovine, horse, human, 
rat, ovine and rabbit albumin. The choice of a particular 
albumin may be made to reduce immunological reaction in the 
patient to the solder. It is envisaged that there will be 

15 circumstances where the albumin used may be chosen to match 
the patient's blood type and possibly even more 
specifically with regard to histocompatibility markers of 
the patient in question. 

The solvent is typically water but other aqueous 

20 solvents including saline may be used provided that any 

salt etc present does not adversely affect the solder upon 
denaturation . 

The solder can be formed from a protein paste made up 
of highly concentrated protein in an aqueous solvent which 

25 is typically water. Highly concentrated protein 

encompasses protein concentrations in the range of 4 0 to 
80% w/w. Preferably the protein concentration is in the 
range of 45 to 75% w/w. More preferably, the protein 
concentration is in the range of 50 to 60% w/w. The range 

30 of 50 to 60% is especially preferred for bovine serum 

albumin, or rat or rabbit or ovine or human albumin. The 
starting concentration of protein loses water (or aqueous 
solvent) as it dries or is dried during processing. The 
prepared solder may contain little or no solvent. 

3 5 It is preferred to incorporate light-absorbing 

material, such as a dye, into the solder, to improve 
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energy deposition in the solder. An example of a suitable 
dye is indocyanine green which is preferably incorporated 
at a concentration within the range 0.1 to 2.5% w/w. 
Other suitable dyes include methylene blue and fluorescein 
5 isothiocyanate . It will be understood that the light- 
absorbing material is chosen to be appropriate to the 
energy source that is used in forming tissue repairs 
involving the use of the solder. The light absorbing 
substance may be incorporated by being added to the 
10 solvent and dissolved in it prior to addition of the 
biomolecule ( s ) to the solvent. 

In one embodiment the solder is prepared from a 
composition of: 

55-75% w/w albumin 
15 45-25% w/w water 

0.2 5% w/w indocyanine green 

The albumin may be bovine, rabbit, human, ovine or 
rat albumin. 

The at least partial denaturation of the 
20 biomolecule (s ) substantially reduces the solubility of the 
solder. Typically the biomolecule (s ) of the solder is 
denatured to a sufficient extent to ensure that the solder 
will have sufficient longevity in vivo for the repair, for 
which the solder is being used, to be formed. Denaturation 

2 5 favourably alters the mechanical properties of the solder 

so that on moistening it exhibits similar mechanical 
properties to the tissue under repair. The denaturation 
can be effected by heat, light, radiation, ultrasound or 
chemical means . Typically the heat denaturation is 

3 0 carried out in an aqueous environment such as in a water 

bath in steam or in pressurised steam. Without wishing to 
be bound by theory, the present inventors believe that the 
aqueous environment permits at least partial denaturation 
without dissolution and with the maintenance of 
35 "structural" water involved in the integrity of the 
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biomolecule ( s ) . Denaturation may be effected before, 
during or after shaping of the solder. 

The solder can be provided in a variety of shapes . 
In particular, the solder of the invention is suitable for 
5 extruding into tubular forms, a form that cannot readily 
be achieved with prior art solders. It can also be 
extruded into a partial tube which has a curved cross 
section with an elongate open channel which can be wide or 
narrow. The solder can be prepared with a smooth surface 

10 or with a surface that is at least slightly roughened. 
Roughening may be of assistance in enhancing contact 
between tissue and solder. The roughening may provide a 
profile which appears smooth at macroscopic level but 
rough at microscopic level . The tubular and partially 

15 tubular forms typically have a round or ovoid profile but 
other profiles are also contemplated including square, 
crenulated and other geometric forms. The tubular solder 
of the invention can be tapered or of uniform cross 
section. The tubular solder of the invention is well 

20 suited to nerve repair applications and is particularly 

well suited to vascular applications in which the moisture 
content makes prior art solders unsuitable. The solder 
can be prepared in other shapes as required for particular 
applications including strips, patches, solid rods and 

2 5 hollow tubes with at least one flanged end. 

Various adjuvants can be added to the solder to 
promote rapid or more complete tissue healing, eg 
fibrinogen (for blood vessels), growth factors, sodium 
hyaluronate (for improved viscous handling and possibly 

30 better healing), hormones, and/or anticoagulants, such as 
heparin . 

Various fibrous materials can be added to the solder 
to improve the strength of the solder [eg collagen or 
polytetraf luoroethylene fibre (which is sold under the 
35 brand names goretex and teflon) or ceramic fibres] . The 
fibres are typically biocompatible polymers. The 
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denaturation of the solder with fibrous K>aterials within 
it may be by chemical means (such as with acid or 
hydroxide) or by heat and could include bonding of the 
protein to the fibres. 
5 The solder need not be of uniform composition 

throughout. In some applications it will be desirable to 
include one or more adjuvants in one or more parts of the 
solder and not in others. Similarly, it may be desirable 
to incorporate fibres in some parts and not others or else 
10 different fibres in different parts. Further, one or more 
light-absorbing substances may be incorporated xn some 
parts of the solder and not others or the light-absorbing 
substance may be incorporated at different concentrations 
throughout one or more parts of the solder. It wxll be 
15 recognised that such variations may be particularly useful 
with various shaped forms of the solder such as tubes. 
Still further, different parts of the solder may be 
denatured to different extents and different parts of the 
solder may be provided with different surface textures, 
20 such as being smooth in some parts and at least slightly 
roughened in other parts. 

The solder can be applied to a mesh, stiffener or 
graft material made from, for instance, a metal, synthetic 
fibre or plastic. Because of its pliability, the solder 
25 may be embedded into spaces in the mesh or it may be 
applied as a covering to all or part of the mesh, 
stiffener or graft material. In one embodiment, it may be 
applied only to the ends of a graft material, mesh or 
stiffener to effect welding of the graft material, mesh or 
30 stiffener to the appropriate tissue. 

The formation of such materials may involve 
coextrusion or coating of a biologically inert porous 
structure (such as a goretex tube or shape) with solder. 
Where a coating is utilised in this embodiment, the solder 
35 may be initially formulated in a fluid form, that is, with 
a substantially lower concentration of the biomolecule (s ) . 
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The fluid solution .s applied, allowed to dry and .ay be 
reapplied and allowed to dry before being at least 
partially denatured. .he drying process reduce, the 
solvent content so that the final consistency of the 
S Older is the sa^e as that achieved by forcing the solder 
Zl the h..h concentration solution as --^^ ^ 
The solder of the invention can be rntroduced to the 
relevant tissue by the surgeon, and placed in the correct 
position, using forceps. If necessary, the solder can be 
10 cut to a required size or shape during surgery. 

The at least partially denatured bio.olecule ,s , of 
the solder has strong internal bonding and is 

uLtantially unaffected by water absorption^ »y water 
absorption that occurs acts to enhance the flex.bUrty 
15 the solder rather than causing its dissolution or 

"^^trsolder can be introduced into the relevant tissue 
in an appropriately moistened for.. In this for. the 
solder is flexible and will not fracture when cut, 
20 souee.ed or manipulated with surgical instruments. 

The solder can be sterilised after denaturing and 
before use, by for instance gamma ray irradiation, for 
Ltance at 2000 rad/min for 50 minutes. Other suitable 
forms of sterilisation include autoclaving, steam 

25 treatment and heat treatment. induced 
activation of tissue bonding by the solder is induced 
by heat. This can be achieved in a variety o ways 
laser activation is the most common. Because the 
biomolecule,s, is already at least P""^"^;;™^: 
30 dissolution is at least substantially prevented^ allowing 
time for more complex manipulations to be completed, 
.aser activation of bonding through overlying tissue is 
possible with this solder, that is, the solder can be 
irplied under, over, or under and over the tissue to be 
35 joined. 
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^nt invention provides 
a second aspect t.e presen ^^^^^^ 
.oiae. tu.es. Par..al tu. ^^^^^^^ ^^.^ 

f the first aspect of the different 

solder of the ^^^^^ shapes 
coxuprxse tubes, partxa .ppiicatxons . The 

sizes to suit different surg lumen s.zes. 

; :.ent si.ed tuhes can include ^^^^^^^^^ ^^^^ 

ll thinnesses and ien.-s ^ ^^^^ ^^^^^^ , 

V.O cut to lengtn u number of 

""'"rLles partial tube, or ^-^^^^^'J^^^^^^, ..ose 

„pair macer.al £or ^^^^^ ,s to 

• 1 or human patient shapes can be pj- 

aniroal or tubes or sndp 

P„tl>er the tubes, P^^^^; ^ ,,,ies o£ diHerent 
different versions and/or ilbres as 

" light-absorbing . ^. throughout the 

^"^r::: with different soider =o.POS.tro„ 

Partiax -r^ese.^ invention provid^ a 

„ a third aspect the P ^.^^^ the 

method of preparing a so _^ ^.^j, 

::thod comprising ^^^^^ „„e bio.oiecuie .s, rn 
concentration soiutron^of ^^^^^^^^ the 

aqueous solvent, solder, 
biomoxeculels, and drying th ^^^^^^ 

^icaXly the method ^^^^^^^^ , hoUow tube, 

solder into a shape -^-^^^l^^ tubes, strips 

„tber suitable shapes rncXud^ P^^^^ ^^^^^^ or 
matches, tissue being repaired^ ^^^^ 

solid rods suitable ^^^^ t,e extr 

f orm hoUow tubes the ^^^^^^ ^nd 

,,,low tubes bv .he ^ ^'J^J ...^ or other suitable 
aie set, manufactured ''^^ ,ave very smooth 
• iiv inert material, extruded, 
biologically ^^^^^^ 3^apes to b 

surfaces to permit smo 
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W099/t5536 " " injection moulding. 

S.apea soiae« can al.o preP- J ^^^^^^^^ 
.l.ernaavely, cnc ex„uaed sola ^^^^^^^ ^^^^^^^ 

,ea=. =ii*-V -f;;; „ „.ic. i. is aPPiiea. 

between the soWer ana the ^^^^^^ ^^.^^ ,3 

, xn this .or., the ^^^^^^ ,,,ea.s smooth on a 

,ou.henea on a ^ ;f^^;;,i„e„,.ons can be in the range 
macroscopic scale. The tube ^^^^^^^^ ^^^^ ^^.^,„,3„ 

,,0.2™ to 6cm in strength o. the 

„hich depending on Che ^^^^ .^aarstood that 

solder, can be as low as M^"^^^^ ^^^^ ^^^^^ ^^,^^,3 „a 

£or veterinary "fP^^"""" . ;,^„i,ed that even greater 
.ery small animals .ay „ 3uit the needs 

aiversity o£ tube ^^^^^^^s in need of repair. The 
„£ various physiologic precision 

„f rhe invention is suit 
solder o£ the ^„.ired dimensions, 

manufacture of tubes of des ^^^^^^ ^ 

„ one embodiment, the solution of 

solder comprises forcing aj> . ^^^^^^^ ^ 

least one ''i°— ^^^f^^^ng it to dry, allowing the 
the solution without permitt g denaturing 

e.trudea material ^^ ^^^^ least partially 

the extruded "atenal. moistening the 

denatured, extruded — finally drying 
material . cutting the .aterial^^ ^^^^^^^^ 

the material and ' biomolecule loses 

The starting concentrat ^.^^ processing. 

•1- dries or is axxcv^ 

aqueous solvent as it ^^^^^^^ „ay be 
in the prepared solder, little 

present. .„<-iude incorporating a lig»t- 

The method may mclud ^^^^ ^^^^^^^ 

absorbing material, such as a V ^ ^^^^^^^ the 
improve light energy deposlti ^ appropriate to 

,i,j,t-absorbing material be^ ^ ^.^^^^ ,,pairs 

the energy source ^-^^^^l^^^^ ^.,e a light-absorbing 

^-"""/.rinrrP^ared this may be achieved by .ixmg 
material is i" 
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K .ance into the solvent and then 
li.ht absorbing substan „i.ing . 

adding this /J * ,,,, ,.a.ple. prepared at a 

indocyanine green dye I ,^ ^^^^^^ 

.„„«ntratron o. ° ■ '"^ Z^;:;;; „,..e the soXder is 
tissue to be loined ^^^^^^^ incorporated 

placed under the trssue j^^^^.i^ate concentration on 
into albumin protein p ^^^^ preferably 

„ixrng 60% weight/werght, «h.oh ^^^^^^^ ^^^^^^ ^ 

denatured by the i«ersion „^iy around 85» 

water bath at elevated te^peratu^ ^^^P^^^^^^^ 

„ a suitable perxo ^^^^^ ^^^^^ 

„ in stea. where -^"^^"^'''^^s, .older is 

.ypically the ^„ that the solder 

denatured to a su££i=-ht exte ^^^^^^ 

„ill have -"^=^-^;°"ru to be formed. The 
Which the solder is ^-^^^ ^J^l ^ „eans such as 

denaturation can - ^^iation or ultrasound 

,eat .direct or indirect) ^ U*^^ ,^„,,„ation is carried 
cr chemical means. Typic ^ ^^^^^ ^^^^^ i„ 

m an a^eous — ,e achieved where 
steam or in P^^t-^^^/^^^inaceous by immersing the 
,,e >=i-°^-"^^' = ^;^ ,i,,ia .preferably water, at a 
protein paste rn ^,,„^i^ 85«C for bovine serum 

temperature of over 40 C Ipr „£e„bly 30 seconds 

albumin .BS., > a ^1^1^^^^^^^ over 100»C are 

£cr BSA, or in steam or rabbit 

used, for a suitable period of t^ ^^^^^^^^ autoclaving 

,«um albumin, ^'^^eT^^^C and 1S0«C are preferred, 
at temperatures betw ^^^^^ ^^^.^^ „ore 

with temperatures between 110 ^^^^ ^^^^^^^^^^ 

preferred. ^ ^^^^JJ^ ,^ically for about 10 
,20oc. The steam treatm ^^^^^^^ ^^^.^^ 

,i„„„s. D-naturation may be 

after shaping of J addition of various 

,he method ^^'^ ^ ^^^^,,„,,n ,for blood 

t-r, fVie solder ' eg 
adjuvants to tne 
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factors sodium hyaluronace (for .-.proved 
.essel.), .rowth ^ , . and/or 

viscous handling and better 

anticoagulants, sucn as heparin^ ,„,,,poration o£ 

.he method can also ^^^^^^l^^^^^^^ the 
5 various fibrous materials into the so 

.trength of the solder ^^^'^[Z^.c fibres,. ..e 

fibres are typ cal y ^^^^ ^^^^^^^ 

denaturation o£ the ^^.^^ 

" " "^^r>rr:-:: rco::: -luae bond^g of the 

hydroxide) or by ne<au 

'^^-^re-rerhidir::-"- - :orrtar 

not Of uniform ^^--VeTsfrr- tl incluae one 
m some aPP^^---- Of the solder and 

cr more ^-^"^--^l^^J^^ ^ be desirable to 

- °t"fibre in sole parts and not others or else 

incorporate fibres m p^rther, one or more 

different fibres in differen P ^^^^^^ .„ 3„„, 

,0 light-absorbing Ught-absorbing 
parts of the --"J^ .Afferent concentrations 

substance may be P ^^^^^^^ ^ gradient or 

throughout one or more par , . ^j^t.^f^orbing material 

profile of the ""'l^^ll'JX control the heat 
- can be provided within he older^^^^^ ^^^^^^^^^ 

deposition created during the 

tissue damage. The gr ^.„^-ina on a dye solution 

fhe solder or by painting on 
preparation of the farther, different parts 

i^o-r tube formation. Still furtner, 
after solder tube different extents. 

30 - - "trsotrr.: prepared With part of the 

ntLrarilasfpaLly roughened and part of the surface 

sniooth. .„^iude sterilising the solder after 

The method may include ster 

^ h^fore use. Suitable means of 
denaturing and oerox ^^^iation, for instance 

sterilisation include ga^ ray irradiation. 
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a, 2000 rad/min for 50 .inutes, au.oclaving, s.e^ 
..eat.en., heat treatment and gas s.erilisat.on _ 

Pinal denaturation of the solder occurs s.tu xn 
tissue by application of laser or other energy source, 
txssue, by PP .^e solder and/or the 

5 where the energy is absoroea uy 
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in a fourth aspect th. present invention provides 
method of repairing a biological tissue comprising the use 
Tf a solder of the first aspect in effecting the repa.r 

Ithca can be used for effecting repairs in an.„l 
as well as human patients. 

.^ically, the method involves the use of an energy 

a laser for effecting tissue ]orns using the 
source such as a laser selected 
solder Where the energy source is a laser, tne 
laser has a wavelength appropriate to any light-ahsorhmg 
srstance used to concentrate the energy at the repair 
site The laser chosen should also be appropriate to the 
sue Teing repaired in that the tissue absorbs the energy 

^1^7 For blood vessels, tne 
produced by ^ ^J/ ^j/^^^.r L-cyanine green dye is 
conO^ination ^ZZ^^o..... should be sufficient to 

:rt:rroiderto the -riyi.g o. ^ ™ 

minimising damage to the underlying tissue. TP 

^ ^-ifferent tissues and can be matched to the 
will vary for different 
„.ount of energy output required to effect bonding. 

gy ^^^^ ^^^^ effected can 

The time or treaT^meia^ 
vary depending on such factors as ambient conditions, 
altitude, humidity and the nature of the tissue being 

as well as the moisture level of the tissue being 



30 joined 



„ one e^odiment the invention provides a method for 
joining body tubes co^ining the use of a tubular solder of 
.h first aLect and a laser fusion device. The tubular 
Old c nTe applied ,depending on the physiological tube 
3. I be repaired, to either fit inside or out . i.ide 
and outside both the cut ends of the tut>e 
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may be done either directly or through the living tube to 
the solder to change its characteristics to make it 
adhesive . 

The solder tube can incorporate a light-absorbing 
5 material to absorb the wavelength of the laser beam which 
is applied to form the bond. 

Bonding can involve attaching at least one edge of 
the circumference of the solder tube to the inside or 
outside of the cylindrical surface of a body tube. The 
10 join of the body tube can be completed by placing both 
ends of the tube within the solder tube and applying 
energy through the solder to bond the solder to the 
underlying tissue or by placing both ends of the body tube 
over the solder tube (Figure 10) and applying energy 
15 through the overlying tissue to the solder or by placing 
one end of the body tube within the solder tube and one 
end over the solder tube and applying energy to effect 
bonding. Where the tube to be repaired includes a damaged 
section which requires replacement a graft material with 
20 solder applied at least at the ends can be joined at 

either end to a free end of the severed tube (Figure 9) . 

Where the tissue repair is with respect to nerve 
tissue or other tissue tubes where the tube contents need 
to be protected from damage, it is especially important 
25 that the weld should not be concentrated on the edges being 
joined as this can damage extruded tissue. Rather, the weld 
should be transverse to the edge of the discontinuity. 

The solders of the invention can be used, in 
conjunction with suitable promoters of neuron growth, in 
30 tubular form, to provide guides for nerve regeneration. In 
this use the severed nerve ends are inserted into the ends 
of the tube and welded in place. 

The solders of the invention can also be used in 
tubular form with a sealed end as a cap for the ends of 
35 severed nerves to assist patients who experience 
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V, »xtren,e, where severed nerves 

arsco»£ort, which can anputation stumps. 

.e re.crnea, an essentiaUv 

Where the ciseue to b ^^^^^^^^ 

„iae hoUow body tube^ th ^^^^^^^^ 

insertron o£ a ,nder repair so that 

^egradeable solder -"^ o£ the tube, 

cylinder spans the severe P ^^^^^^^^^ 

E„a-to-end tube and folding 

.„e end ot the repair srte throu.^^ ^^^^ .....in, the 

a cu££ of v-elds to hold the 

„,^er end over the cu££ and ^^^^ ^^^^^^ood that rn 
„be and ends in pl»«. „^ j„r the energy 

.his particular ^J^,,, propagate through the 

^<,^„e chosen to e££ect 

overlying tissue . ^^^^.^anoe with the invention c^ 

Hepairs of tubes m a=co repairs. 
,„,l,ae end-to-side as well ^^^^^ a 

to side repairs ^ J „ into a X- 

with a flange at one -d ^^^^ the end 

Shaped incision in ^-^ ^^J^J,^,^, end of the solder tube 
i3 to be inserted. The free 

attached to the end of the ^^^^^,„„ „ 

.-shaped incision, ^^jf;/^^^ .older tube to seal 

around -;-;:;:::.,...ide .oin can be at « ^ 
the insertion sxte. ^^^^.on of the 

can be provided at tn 

formed. invention may be utilxse 

.he repair methods of the ^^^^^^^ ^^^^^^^ 

,or joining a -^^^^^^^ ^'.^ li.Lessels, any of the 
..series, veins, ^V-^^^^^;^;;/ _ .....eatic Uver. cyst.c 
-Tar:: -reters, urethra, epididymis, vas, 
,ear, prostat. ^^^^^^^ ^ 

fallopxan tubes. ^^.^...tory and body 

gastroenterologicaj- 

ducts and tubes. 
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" ..oa o. *e .nven.ion can also .e aPpUea 

^he repair r.e*cd * ^^^^.^^^ ,,,, „ liver, 

„ ..e repair o. oraans andj-^^^ ^^^^^^^^ ^^^^^^^ 

,pleen, kianey, uterus, coverings and skin and 

brain and other "P^^^ peripheral 

1 1 as the various xii^^-^^-'-'^-^ 
5 appendages, as well ^^^^ .^^ ramifications 

nerves of the body, the ,,iaer of the 

use of at least one appropriately 

for the repair being made, 
invention for tne x 

■^^c a new system of laser- 
.he present invention P-^^" ; 
3older-.usion, with or w--ut oontro o. ^^^^^^^ 
operation wh.ch we have ^^^^^^^ 
joining together to produc ^^.^^^ ^^^^^^ 

Uving tubes in the "^^^/^^ .hese severed 

„d the vas ..^seouent leakage, but 

..hular ,,,,, joining, those Joins are at 

-notion i^e-atexv a^ ^^^^^ ^^^^^^^ p,3sible 

least eventually as 9 ,n 

with appropriate ^^^^ is done 

..ceptionally ^^^'/f occasioned by other methods . 

without inflicting the ^^^^^^^ equipraent now 

r::: ru^e ^rit: .r .ni^ny ihvasive 
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DESCRXPTION OF THE """"^^ i„,,„,ion 

..3.^ 1 Shows a ;--J-;-;r:lr diameter and 1.3 
measuring 2mm in length and 

mm outer diameter. „„^rative technique of the 

.XGOEE 2 shows a schema o£ an op ^^^^^ ^^^^^^ 

,..rth --^°-::r;r::d tL vessel wan is puned 
over the proximal vessel distal part of 

:r rSsr r :rre vessel is gent. 
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. ■ n to the proximal part of the solder, 
energy applxcatxon to th P ^^^^^ ^^^^^^ 

„ 3 Shows ,,^p .elease (A) and 

n,icro-anastomosis iimnedxately 

,,,er 6 wee.s (B)^ ^^^..^^ntation of tensile strength 

, FXCURE 4 anastomoses of rat aortas as a 

suture and lase ^^^^^^^ ^^^^^ 

function of time 

>, a laser-weWed anastomosis in longitudinal 
FIGURE 5 Shows las i„3aiation. .Masson's 

,0 section ixnmed.ately direction of blood flow, 5x 

. r«o (A^ arrow xndicat:eh> 

mi SOX magnification) 
magnification and (B) = , ^ ^^^^^^ 

„GUKB S SHOWS appearance of t.e intima and 

6 wee.s^ «ote ^^e .ells at the 

« -dia. Note the pre eno ^^^^^ „^^,,,,,„,„n 20 x) 

solder surface. (Tolu micrographs of the lumen 

HIGURE 7 shows scannrng -l-"""^ 
, .y.^ laser welded anastomosis 10 mmu 

perfusion .longitudmal section, . 

20 (magnification x 100) ■ ^ anastomosis of 

PXGUKE 8 is a schematic technique. 

1 formed using the sleeve 
a blood vessel fon^e ^^^^ ^^^^^ 

.IGUKE 9 Shows a graf ^^^^^^ 
formed using the sieev ^ graft. 

25 the invention at both ends o ^^^^^ placing 

- rif'thnrnUorrnsilJa ^od. tu^e. solder 
a solder tube of the strengthen the 

strips may be used externally to 
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1. PREPARATION OF SOLDER 

qt-arting Composition: 

protein 55-75% (w/w) 

water 45-25% (w/w) 

dye 0.25% (w/w) 
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. rabbit hu^an, ovine or rat albumin, 
protein i. /^^ ^,,,3 ^eru. albumin incX.ae 

suitable concentrations .^^^^^^ 

SB* ana .or nu.an -^^^^^^^^^^^ . can be 

51*. indocyanine green Suitable alb""in 

Obtained fro. Si^a-Mdrich Corporation. 

preparations include: ^^^^^^^ ^ ^^^^^^ ^^.^.^^ , 
Bovine albumrn - A 2 ^^^^^^ ^ albumin,; 

Human albumin - ^ ^ ^ 
.abbit albumin . ^^^^^^^^ ^ ^^^^^^^ 

, Sbeepa bumin * v powder. 

Horse albumin - a 

- -^"^ aye can be obtained from Becton Bic.inson 

Systeml ^ar^^nd .1030 .S. 
. particular formulation for b^n and rabbit albumin is as 

follows : 

Starting Composition: ^^^^^ 

albiomm =" • 

42.45% (w/w) 

water 

25 ^ ^ ^ 0.25% (w/w) 

ICG dye 
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construction: components (accurately 

• . naste form to obtain optimum 
n^easured) are mixed into P example, the 

f^T extrusion or pressing, 
consistency for ext ^^rtexing to form a 

water and dye are fxrst ^^^^^ ^^^.^i, 

consistent dye solution ^^^^^J^^^^^ 

followed by ;^,,,,,,e.xly and for small batches 

performed physically or ^^^^^ ^ ^^^^^^ ^^^^^ 

(<2g total mass) was peri 
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■»ta„cy The solder was not allowed to dry at 
provide consrstenoy. ^^^^^^ 
--e as thxs wou d c ^^^^^^^ 

thus unsurta. e r ex ^^^^ ^^^^ ^^^^^ 
.oted^eira^relor Product oan .e achieved . de.err.. 

final shaping. ^^^^^^^ ^„ dehydrate 

3. The excruaed paste ^^^^^^^^^ ^,,„„,„, 

thus increasxng the protein 

.Older to ta.e a -"^^^^^^^H^^,, hot water at SO- 
4 The rigid soiaer wet 

To R5°C for bovine albumin) for 
90OC {for example 85 C protein. Where the 

.^proximately 1 .ihnte to ^^.^ 

• ,-.vo-r.ared from human or raDon:. 
solder is preparea x 

^ ^1- -ic; with steam at abouc i^u 
.elevant treatment r that the temperature could .e as 

minutes (rt rs en 9 aenaturation treatment 

low as 100«c or up to 150 C) . ^^^^^^ 
causes the solder to bond wrthrn 

^^"'"'^ ::i:e"art::r:ta.e is elasti= ana may ^ 

farther - -t° ^sr ^^^^^ ^^^^^^ ^^^^^^^ ^^^^^^ 
stress or fracture to shape before step 4 , the 

partial t-^ -a;°a- ^^^^^^^^ 

soiaer -y -tu^;; ^^^^ a.,orm if It xs 

Structure if it is 

""r^The solder is preferably dehydrated at this sta.e 
diated or autoclaved for sterilisation and 
rlrTn r^Ttlile ana light proof container. 

^ that has been used successfully with 

^t"":: Tair err albumin formulation mentioned 

the human or raooi^ 

above is : 

1 . mix the protein preparation 
extrude the preparation 
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allow the preparation to dry 
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autoclave the preparat 
>r> OF REPAIR 

been effected: 
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ion at 120°C for 10 minutes. 



2. METHOD OF REPAIR 

The following repairs have 

1 3 mm diameter 

Rat aorta: 

1.4 mm internal diameter 
cylinder used: i . 7 mm external 

diameter, 2 mm length 
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Rabbit femoral 

2mm diameter 

artery : 

1.6 mm internal diameter 
cylinder used: 2 . 1 mm external diameter 

2mm length 

can involve attaching a. least one edge 
coining .ubes can .n ^^^^ ^^^.^^ 

ot Che circu:.ierence of " =° ^ ^^^^ ,„be . The 

outside of the c^'li"'^"" ^ by placing both 

join of the body tube = ^ applying 

- - "^^-T^de totnTthe solde. to the 
energy through the ^^^s of the body tube 

underlying tissue or by P^^"^ ,he 
_ the solder ^ ^ J..i„g one end of 

overlying tissue to the ^^^^ ^^^^ 

the body tube within the bonding. Where 

.Older tube and "PP^^ing energy to ^^^^^ ^^^^^^^ 

the body tube to be repaired ,o,,er 
which rec^ires replacement a gra 
0 applied at least at the ends can be 

^ r^f the severed tuoe . 
to a free end ot tne 
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or^^ir is with respect to nerve 
t 'rie ."es „.e« ..e .u.e convenes neea 
tissue or other tissue especially important 

- - P=:--«^;""^ ^j;^;, „.«ntratea on the ea.es berna 
the weia should not ^ ^.^^^^ ^^.^er, the weld 

5 ,oinea as this can aamase ^i3=ontinuitv . 

Should be transverse performed by providing a 

End to side repairs can be p ^^^^ ^ ^_ 

tube with a .lan.e - - ^ ,„,e into which the end 

shaped incision in the ^^^^^^^ tube 

,0 is to be insertea. The ^ .^^^^^^^ 

is attachea to the end o the ^^^^^^^^ 

..Shaped ^""";;_;^_,,„nce of the solder tube to seal 
„eiaea arouna the c ,„in .an be at a 

the insertion site. Th ^^^^.^^ 

- r r^lreritthetpUrlate angle .or the .in to be 

--td-to-siae repairs can ^ ^^^^ 
, partial soiaer tube with a f lang^^ ^ ^^^^ 

20 longitudinal incision in th ^ ^^^^^^^^ ^.^^^ 

Which the new tubular end i ^^^^^^^ ^^^^^^ 

the longitudinal ^'^'^^l^^e tZ,. and weldea to the outsiae 
flange, evertea around the « ^^^^ ,3 

the solder "-^J' ^^Ided body tube and flange 

25 then pulled over the pre ^^^^^^ 

and welded to the main °' f^^/^^^ then welded to 

,,e main body of the partial so ^^,.,,.,,,e ioin 

the outside Of the main body « . ^^^^^^ ^^^^^^ 

can be at a nu^^er o a^. ^^^^^^^^^^^ ^„,,e. 

30 of the tube can be prcv ^^^^^^^^ 

^^^"^^ " rrllTely shaU solder of the invention 
at least one appropriately ^^.^^ ^^^^^ 

together with an energy source to 
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The proximal artery ^.stance using 

.„,,.r ana ...ne^ on -^^^^ ^^^^ ^^^^^^^ , 

purpose built forceps, w ^p^^ 

form, such as the forceps observable 
overlapping turned back temperature, which 

3Ua.t change in colour an. spec. ^^^^^^ ^^^^^^ 

denatures the prote.n and cause 

„all on both or at least one s.de . ^^.^^^^^ 

The distal artery 
proposed jorn area. ^^^^^^^ 

3tretched and -n.pula-d ^J^^ ^ ,,,, 

„ea and beyond to the as yet ,^ 

Tliis area is cn^ii 

e^al lasrng area^ „„„ „ be 

rirdrre criinder. ..at completes the .oin. 

Example 1 divided into two groups 

^ on -rats were divia*;" 
, total o£ 90 rats ^^^^ us.n. 

randomly, m ,^,^,^e, „hile in .roup two 

oonventional f^,, ^^in, our new laser weldrng 

the anastomoses were per ^^^^^^ ^^^^ ^.^^^^^ 

techni<^e.Xn addition^ each at di«erent ^ollowup 

into 5 --^^---^ , X wee. and 6 wee^s, . « 

5 periods (10 min, 1 bou , evaluated for patency 

rhe anastomoses were evd 
,^ese intervals measurement). 3 anastomoses 

ana strength (Tensrle ^.^j,, electron 

in each subgroup were processe 

microscopy. patent. The mean 

;,11 anastomoses were ou ^.^^ conventional 

,,amp time o£ the ^„ ..^ minutes for the 

suturing was 20.6 minutes compared ^^^^^^ 
,aser activated welded -^-es JP ^^^^^ ^^^^ 
measurements showed a s ^^^^^^^ ^^^^^ ^^^^^^^ e 
35 sutured -"tomoses ^^^^^ ^^^^^^ anastomoses 

weeks the tensile streng 
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„d to the conventional suture technique, 
higher compared th ^^^^^^^^ ^sorption 

Histologic evaluations reveale 

the solder after six wee^s . The , ^^^^ 
vessel ends could not be determined 
' ''^^ TnTonclusion, a resorbable protein used as a solder^ 
activated bv a diode ^ ,er.or™ed bv 

- ""r^,:rrn :ortional sutunng after a 

any microsurgeon tascer 

10 short learning anastomoses in surgery and in 

Si„plrfy.ng --^^^ ^^^^^^^ ,3en an important 

p.rticular in s^ll ^^^^ ,„,Ucation reviewed the 

„pit in the past ,t 
technical developments in this paction at the 

ril Minimising foreign body 
this century (11 • ^^^^^ , variety 

anastomotic site has b ^ ^^^^^ 

of authors have <i--"^J compliance and 

materials, staples and cl p ^^^^^ ^^^^.^^ 

active force production 12-61. „^ ^een reported 

vascular anastomosis has tirs 
,0 technic^es for vas ^^^^^^^^ ^^^^ ^^^^^^ 

by aain m »79 1 • „3,ative 

'""'t::su:s Most reported techni^es re^^ire at 
impact on and therefore laser 

l,ast three permanent ^^^^^^ and not to 

25 welding was used only to ^ ^^r. The use of 

■v^^Tr^ the vessel enas uwy^ 
n^echanically hold the efficient deposition of 

1^ <-ic;sue relies on tne ej.j-x^ 
lasers to weld txssue r tissue. The laser 

.eat due to the Xi.- absorbed ^ ^ ^^^^^^^^ 

wavelengths that have --^^^^^^^..^ .ther tissue 

30 absorption bands ot ^ , • ^„ of dyes such as 

The introduction ot ay 
chromatophores. fluorescein isothiocyanate 

indocyanine J^^ ' J ,,3er energy precisely to 

enhances th -™^^^^^^^ , 
the target tissues. ^^^^ strengthen 

activated protein solders has ^^^^^ 
Ids in tissues such as nerves 
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,ess quick and reliable technique to 

presents a sutureless^ qu ^^^^^^^^^ 

success£ully anastornose small ^3,„,„ent implanted 

vessel wall fibrosis by reported by 

devices, we contoined an anas o ^ ^^^^^ biodegradeable , 

P,yr in 1900 1191 vi^*- aiameter 
diode-laser-activated prote.n tube 

arteries. 

MATERIALS MD METHODS ^^^^ (outbred) 

, total of 90 youn. -^^^^^^ consent and 

weighing 450 to S50 g „^,,i„ed fro. our 

.pproval for --^/--f lirco-^ee. .11 
institution's W.«al Ethxca anaesthesia with a 

procedures were perfor^- under^gen ^ ^^^^^ ^^^^^ 

halothane/oxygen I laaintainrng 

inducing and 2. halothane at ^^^^'^ ^^^^^ „ere 
anaesthesia,. Clean procedures, which were 

„,intained dur.ng the ^ ^^^ating microscope. A 

performed using a ^"^^ ,^,3 infrarenal aorta 

„,dline laparotomy was p ^^^^^^^ ^^^^^^^ and 

exposed, f^^^^^^r vessels if necessary. . 
Ugating lumbar and . ^^^^ 

eouble --^-^^ 7^ ,,ades, 19 - "as applied 

approximator 1.5 - straight 

to the aorta, whrch ^.^^^ ^^^.^3, 

Ti-Ft-^r flushing the cwo ^ ^ 
microscissors. After ^^^^^^ ,l,e 

connective trssue m e ^^^^^^ anastomoses were 

adventitia intact. crosuturing (9/0 Nylon with a 

r::":r n:::::«d sutures, and m .h. 

„o u needle, 10 - ^astomoses were performed by 

remaining 45 anrmals th ^^^^ procedures was 

laser welding. l J^.^^, analysis with the students 

recorded for later statrstr „ere used, 

t-test. NO local or systemrc ant co g ^ 
35 nor were the animals given antrbrotrcs 
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L^^SER MELDING ^^^1 power of 250 

A GaMAs la=er ^^^^^ inc., San ao.e 

3na waveleng* o£ 805 SPe= ^^^^^^^ ^ ^ 

C., «a. usea. *a optical fiber, 

aia^eter core, nu»er.cal ape ^^^^^ 
„l,ich was held by band .n a ^.^^^ 

temperature were "-""^^^^/^^.^.n and was set at SO 
The diode was operated by a ^.^^^^ ^ 

durin. surgery, with a spot s..^^^^ ^^^^^^^^^ ^3 

aiameter, corresponding to ^^^^^ _„^^^^„<, 

,C the tissue „c., CO .S^, . The 

a scientecb power .eter ^^^^ ^„ 
total irradiation txme for 

approximately. a mixture of water, 

The solder used .n indocyanine ^reen 
ooncentrated bovine f "^.^.and US., . XCC has a 

aco, dye .Becton Brc..n on ^ ^^^^^^^^^^ „ of 

maximum absorption =-"^"^^„,„,,aUy with serum prote.ns 
2 , lO'M-'om-. ICG bxnds prefe efficiently 
such as albumin 120, --"^Jf^^^ . hi,h protein 

transferred to -nature f f-^^n . „.2.* 
ooncentration mrxture '^^^^ ^^.tained by vigorous 

Tcc by weight starting materr ^^^^^^ ^^^^^ ^,,0 

stirring of the -"P"-"";^^^ , „t aorta. The solder 
^ ro the dimensions or ^n^vible and 

Ire P denatured to maXe them more flexrbl 

tubes were pj- 

Chemically stable ( "'"^ " ' „,ed in a way similar 

T.e solid protein tube was ^^^^ 
to that described by Payr ^ ^^..^^ was 

magnesium rings ■ ^^^^^^ over the edge for a 

passed through the CV^"^";^ protein cylinder by 

length of 1 - and then welded ^^^^^^^^^^^^ p„tein 
„eans of laser energy, « ^^^^^ ^^^^^ „as 

contained in the ^^^.-^^ ^ ^''^^ " 

delivered by an optical 
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WOW5536 - " „ visible through the 

according to the "^^"'^ ^„ ,3,/ circumference, . 

:;erating .iciO.cope f,,, ,,..ue was noted the 

.he sUaHtest ""^^^^J^^, ,,,3ue until the total 
laser spot was moved to aa3ac ^^^^ 
3 circumference of the -ssel was ^^^^ ^^^^ 

' under. Th. two --^^ °^ ,entlv pulled over 

approximated and the drstal ve^s ^^^^^ ^^^.^^ „ s 

Te entire protein --"^ ,he distal end of the 

artery and the 

rr^r.^ the anastomoses 
■ .ter removing the clamps the 

immediately after ,est. Each 

■ to assess patency reevaluated 

were examined to a subgroups to be reev 

.v,«n divided xnto b suuy 
group was then d. ^ 1 day, 

at different intervals (10 ^^,3en t.me 

..v. Q animals per suogi t- checked 
e weeks) wxth 9 ^_^^,sed and patency was ch 

anastomoses were re e^ ^^^^^^^ the 

,ith the milking test. , vessel proxxmally 

..ites together with 5 mm .^^ strength 

anastomotic sites subjected to tensile 

and distally were — ^ J^^^^^,, attaching one end of 
measurements. These ^ J^^^/^^^ ,,,.sducer (FT30C, Grass 
, ^ calibrated torce a screw 

the vessel to a can to a 

ments Quincy- MA> „^ subgroup the 

instruments, v animals per 

t-ranslator [181- ^^.^ and fixative (5% 

driven transia ..^g^ed with salme ana 

,,33els were clamped, fl-h ^.^^^^^ ^^^,,ed for 

...taraldehyde buffered to pHj • ) ^^^^^^^^ _ ^ith 
histology. Staining for .ative protein 

Masson.s trichrome ^o ^^^ J^^ ,,,.,.,ne Blue. Scanning 
,.om denatured protem and ^^^^^ ^^^^^ ^^^,,,es of 
electron microscopy was used 
the anastomoses. 

. ^^,3 ,,,gical procedure and all 
,11 animals survived h ^^.,^,„ration. « e 

- anastomoses w«e P^te^--^^ ^^^^ .utured 

weeks there were no 
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laser welded anastomoses 9 ^^^^^^^ anastamoses was 

The mean clamp time o significantly 

— Tarn le the laser welded 

^v.=n the mean clamp 0.001; 

longer than ,cn 9 26 SEM 0,41), (P< 

^ -7 2 minutes, iSU ^-^ 

anastomoses, /-^ 
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students t-test) . ^^,3,„:.ents revealed that the 

.ensue ; ,.nder stress. when 

sutured anastcoses «er i„ the short term 

A to the laser-welded anastom 
compared to tne „.rtivelY) ■ However, at b w 

,U4.6 gm and 45.3 gm resp anastomoses was 

the tensile strength for t e ^^^^^^^ anastomoses 

slightly higher in o.005, student's t- 

- T'' rruranastloses, when su..ected 

test. (Fi9-e 4. The ^^^^^ ^^^^^ , 3„a 1 

to traction, ruptured at t J ^aser-welded vessels 

r thT::itaT ::r:ion o. the ^ond, prohahlv the 
detached at tne 

weakest point o£ the """^^^ staining o£ the 

Ught microscopy ^^^^^ application with 

, anastomotic site i«ediately ^^^^ ^^..^^ in the 
Hasson.s trichrome ^^^^ ^^J^^^^^^, ,,t no changes could 

layer directly ^^^-^^ " „tery (Figure 5. . After 6 

,e observed in the medra of ^^^^^^^ and the 

the solder was almost comp ^„..„^ity. Healing 

weeks tne s observed in continuity. 

5 intimal layer could be „^„£it.roblasts and the site 

„,,u„ed with P"^^^«;"°:;'jretected from the lu.en of 
of the anastomosis cou d n ^^^^^^^^ „,,tion 

the artery (Fia-^re 6.^ Ho ^^^^ ^.^^^^ 3 ^ , 

could be seen on the ^^J-";" „ot reveal any 

30 but again the -<^^^ „,,,„,oopy of the anastomotic 

Changes, scanning electron ^^^^^^ ,0 minutes 

,ite after perfusion was ^ ^.^.^^ .^te of the 

showed some red blood ce ^^^^ ^^^^^^ 

anastomosis, but thxs a 
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DISCUSSION the successful use o£ 

aain's first report ^^^^^^^ ^^^^ 

,,.er energy (or the repair o ^^^^^^^ ^ ^^^^^^^^ 

,,.e been numerous ^^,3,,, employing laser 

sutureless anastomosis of ^^^^ to 

welding. The advantages of 1 ^^^^^^^ ^.^^ .^al^age 

be due to a perfect seal of J ^^^^ ^^^^^^ ^,,,,,,1. 

less foreign body -^^^^^^^^^ ^,„.ain vessel end 
However, the need for stay s^ ,eser-assisted 

^pp„xin.ation has led ,^ ^^^^ „ ,eal an 

anastomosis 121-25,, * 3,,, sutures have been 

„astomosis after three o ^^^^ ^^^^^ ^^^^ ^^,,,,,ess 

previously inserted. On th ^^^^ intraluminal 
Lastomoses have been ^-^°^^J ,,,.,3, . .hese stents 

stent to ensure intimal ^^^^,^i„,i,, absorbed and 

,,eve mostly been designed to ^^^^^^^^ ^^^^^^^ 

therefore may potentially le ^^^^.^^ 

^ . , » previously repo .„iaer bands 

, thrombosis. A P employs protein solder 

tubular structures 1131 designed to 

containing indocyanine * ^^^^ ^eat was localized at 

absorb the laser energy an ^^rrounding tissue. 

L protein solder and the immediate ^^^^^^^ 

Changes in the tissue due ^^^^^ 
,,.er energy were get optimal 

i™,ediate contact with ^^^.i,, fcr successful 

.„tlmal alignment, which ^^^^^^ ^^^ruded 

microvascular diameters to the vessel to 

„ into a tube with correspona-g ^^^^^^^^ ..eompUs.ed 
pe repaired. The optimal ,t the turn of 

by employing a technic^e mtro ^^^^^^^ ^y 

riQT This tecbnxque o^rure 
the century U^l • "^^^ ligatures to secur 

roQi eliminating tne coronary 
Landon 129) ex carter [30] tor 

1 ^nto the ring ana taller [311 

35 the vessel onto polyethylene ring. Haller 

=„raerv using a poxy^: 
artery surgery 
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„ Jat! in Che anascornosis o£ 4-n» 
patency rate tanculum 



reported a 92 % Potency ra ^.^^ 

diameter vessels us.ng PaY ^^^.^^ ,„„tact 

.mgs. This technique .^^^ r.s. that the 

„,.h the protein ^^^^IJ^^^^ and lead, tc smooth 

coa.uiacion "^^^'^ techn.^e causes the 

tissue CO bond tc the P 

protein denaturacion rn p, the bond 

xn earlier .tud.es the accu , 

^ V, laser welding has been 

, created by laser adventicia as well as 

possible ho.ogenisat.on o ^^^^^^ ^^^^^^^ 

coagulation necrosrs o£ s.ooC ^ ^.^^^^ ^^^^^ 

elastic lamellae were "^^"^ .j,, collagen fibers 

welding study. . with a slight 

„as observed with electron .^^^^ ^^^^^^^^ 

interruption of ^^^^ ^^^^ Dehydration o£ 

„_endotheUalization wrth present in 

the triple helix molecular „l,ich 
,,e arterial wall -"^^^^H^ ^^^..^^n molecules, was 
20 subsecraently "'^"^ „echani.m 134,. Our 

reported as a ^-"^^^^^^.^^.^^d changes in the artery 
techhic^e confxnes the la ^^^^^^^ ^.^^ 

wall " the l»ver directly ^^^^^^ 
solder, thus .inr....n. any ^^^^^ ^^^^^^ 

,n particular --^J '^^Z,,, ,,,er energy as shown by 
tunica media were altere y ^^^^ ..guested, that by 
histologic evaluatron. J ^^^^ ,„inimally altered 

,his techni<r.e the """^^ " properties. After healing 
and does not lose ^^^^^^^^HJ,^ ^.^ngth measurements 
30 of the anastomotrc srte ^^^er-welded anastomoses 

revealed better results ^^^^^ ^ a 

compared to the sutured anastomoses^ 
result of the fibrous reaction to 



the tunica media. 
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CLAIMS : 

1 A biomolecular solder comprising an at least 

. . -,t- lf=^ast one biomolecuie 

substantially solid composition of at least o 

,,l.e„t, which compos.txon treat 
denature the bion,olecular co.ponentls of the 
at least partly dry the .older , wherexn the at least 
oartial denaturation of the bio^olecule (s ) substantial y 
partial aena ,oiaer and favourably alters 

reduces the solubility of the solder. 

^4= ^-Vio Qolder so that on 
the mechanical properties of the solder 

.oistenin. it exhibits similar mechanical ^^^^^ 
tissue under repair, and wherein the at least partially 
tissue un ^^^^^^ internal 

denatured biomolecule (s) ot tne 

bonding and is substantially unaffected by water 

absorption. 

2 A solder according to claim 1 wherein the 
biomolecule(s) is proteinaceous or an analogue of a 
biological, biodegradable polypeptide. 

3 A solder according to claim 2 in which the 

V,- n^rr^r-al biodegradable polypeptide is a 
rhftLlo^r:' other .Oleoule capable of forcing 
Z solder of the invention but which does not cause 
adverse reaction in the tissue undergoing repair. 

4 A solder according to claim 2 wherein the 
biomolecule is a protein or mixture of proteins. 

5 solder according to claim 4 wherein the protein 
or mixture of proteins is bio-degradable in the relevant 
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' ° selected fro. the group consrst.ng c£ 
albumins, collagen, 

.n Claim 4 wherein the protein 
- . soiaer acoorarn - ^ _ 

>^e> cross --1-inKfci'-^ i-^ 
or protexns can oe 

resorbed by the body- 

. r^^^^ra 4 wherein a mixture 
3. . solder according to claxm 4 ^^^^ 

. ^ is ^sed and the proteins xn the mi 
10 of proteins is useu 

similar aenaturation temperatures. 

, . soiaer accorarng to clai. S wherein the 
,.oteL the ...ture are a..u..h ana coUa.en. 
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. solder according to claim 4 wherein the 
10. A solder a ^^nsisting of bovine, 

... is selected from the group consisti 
protein is seie ^^.bbit albumin. 

^ -rat ovine and raDoiu 

horse, human, rac 

. soiaer a^coram, to clai. 10 
" .l.u.ln is selectea to reau.e _lo.rcal 
patient to the solder. 

- --'z z ::::er::::: « tt. the 

25 albumin is human albumrn ana xs 
patient- s blooa type. 

, ,„,aer accoraln, to claim 11 wherein the 
. ^ ^ o r^hosen to match tne 
albumin is human albumrn ana rs choe 
30 patienfs histocompatibility markers. 

, . soiaer accorain, to any one o. claims 1 to 13 
Wherein the solvent is water. 
3, . soiaer accorain. to ^^jl:::!^ ^Z^: 
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„ „i ..e solvent noc aaverselv 
which the constituents of the 
:'.ect the soiae. upon aenaturat.on . 

.i«im 4 wherein the solder 

- r°rp;o::::rsr:r:p c. hi.hi. 

fr^-rmpd from a proue-i-ii 
5 IS formea • an aqueous solvent, 

concentrated protean m an aq 

r-laim 16 wherein the 
17 . A solder accordrng to clarm 

solvent is water. 
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Tonrn 16 wherein the 
,8 A solder according to claxm 

.rated protein encompasses prote.n 
highly concentrated P ^^^^ 
concentrations m the 

r-laim 18 wherein the 
- - ^ ntlllTsT tre o. to 

protein concentration i 

T^ntn 19 wherein the 

tre:a::c:.oto.c.w«. 

protein concentration is m th 
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r^laim 20 wherein the 
^ solder according to cla.m ^^^^^ ^^^^^ 

protein is bovine seru. albu^.n, or 

or human albumin. 

claim 1 which further 
comprises a light-absorbing mater 

reposition in the solder w--.n g^^^ ^^^^^^ ^^^^^^ 

material is chosen to ^^^^^ .he use 

that is used in forming tissue 
30 of the solder. 

. • oo wherein the light 
23. A solder according to claim 22 wher 

absorbing material is a dye. 

^^^^Tv 23 wherein the dye 
, 33 24. A solder according to claim 23 

is indocyanine green. 
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T^nm 94 wherein the 

V. A^r(=^ is present a^:- cl ^ 
indocyanine green dye P 

to 2.5% w/w. 

, 3oiae. acccain, « cX.i. .3 w.e.e.n t.e a.e 

-r, -i cnthiocyanate . 
>^^nP or fluorescein isocnxu y 
is methylene blue or 

^■r.n to claim 22 wherein the 
- ^^^^^ri! incorporated by bein. added 

light absorbing substance ^^^.^.^^ 
to the solvent and dissolved xn xt 
the biomolecule(s) to the solvent. 

Claim 1 wherein the solder 
28 A solder according to claim 
15 is prepared from a composition of- 
55_75% w/w albumin 
45-25% w/w water 
0.25% w/w indocyanine green. 

nder according to claim 28 wherein the 
29. A solder accoru y ^ ^„ or rat albumin, 

r-abbit, ovine, human or rac 
albumin is bovine, rabbit, 

f-o f-laim 1 wherein the 
3, ^ 3,iaer according to -^-^ ^ sufficient 

n of the solder is denatured to 

biomolecule(s) of t ^^^^^^ ^.^^ ^^^^ sufficient 

extent to ensure that tor which the solder is 

in vivo for the repair, tor w 
longevity in vxvw 

being used, to be formed- 

laer according to claim 1 wherein the 
31. ^ solder acco ^ght, radiation, 

denaturation is effected by heat , 
ultrasound or chemical means. 

claim 31 wherein the heat 
- ' ^^Tarreforin ara^eous environment 
re:rtrrr::::e .roup consisting Of a hot water bath, 
steam and pressurised steam. 
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denaturation is effeccea 
of the solder. 

. ^T^nm 1 wherein the solder 

34. A solder according to clarm 1 wh 

is shaped. 

^i^-\rr\ 34 wherein the 
A solder according to claim J4 wa 

35. A soxuti-L nnto a partial 

tube having a curves 
channel . 

^■^o ro claim 1 wherein the solder 
36 A solder according to claim 

,3 prepared with a smooth surface. 

3, . solder according to claim 1 wherein the solder 
37. A solder slightly 
• =, c;nrf ace that is 
is prepared with a surrac 

roughened . 
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3S scld« according to claim 37 wherein the 

■ Trovides a profile which appears smooth at 
roughening provides y „^„=coDic level, 

macroscopic level but rough at microscopl 

33 ^ solder according to clai,» 35 wherein the 

partially tubular form has a round or ovoid 
tubular or partiaiiy 

profile . 

r-laim 3 5 wherein the 
40 A solder according to claim 
. nartially tubular form has a square or 

30 tubular or partiany 

crenulated profile. 

. solder according to clai. 35 wherein the 
.ubular' solder is of tapered cross-section. 

35 
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r-laim 35 wherein the 
,2 A solder according to claim 

Ider xs of uniform cross-sectxon. 
tubular solder is 

^■r.n to claim 34 formed into a 
43 . A solder according to 
■ oatch solid rod or hollow tube with 
5 strip, paten, 

flanged end. 

. • r. colder compatible with 
. „e.hoa tor ^,„.,ain. a solder 

.ocular applications w.ioh co.pr.se. 

10 according Co claim 1- 

„i»im 1 which additionally 

comprises one or more J dealing. 

raoid or more complete tis 
promote rapi" 
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. ^1 aim 45 wherein the one 

' -^^"rs:re red -:r:he .o^p consistm. 

or more adjuvants is _^ factors, sodium 

fibrinogen ,£or Wood --^^ ' ^ better 
.,l„onate Uor ---f^ L„,,„,a..s such as heparin, 
healing), hormones, ana 

• claim 1 which additionally 

. solder according to cla- 

or- more fibrous materials 
comprises one or more ^^^^^^ 

• ^vo^/e the strength or t-u 
solder to improve tn 

r.^^^m 47 wherein the one 
,3. . solder according to^c-;^ ^^^^^ 

or more fibrous --"^^"'^ f^^oroethylene fibre and 

consisting of collagen, polytetra 

ceramic fibres- 

1 47 or 48 wherein the 
, solder -=-^^-;:;;":„oo„pati.le polvmer. 
^oTial is comprised ot a 
fibrous material i^ 

,^iaim 47 wherein the at 
50. ^ solder -cording to Claim ^^^^ ^^^^^^^ 

least partial denaturation of 
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•.Hin it is by chemical means such as wxth acxd 
materials withxn it is oy 

or hydroxide, or by heat. 

^la-im 50 wherein the at 

to the fibres. 

^- ^ ro claim 1 wherein the solder 
52 A solder according to claim 

is not of uniform composition throughout. 
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„„e or .ore adiuvan.. in one or »ore parts 



and not in others. 



rlaim 52 which 
A solder according to claim o 

....Z^L n.«s in .o.e par« a„a no. or.ers . 

incorporates different fibres m 

0 . - r.i;,im 1 which incorporates 

56. A solder according -^^J \^ ^^^..^ of 

one or more light-absorbing substances 
the solder and not others . 

^^na to claim 1 which incorporates 
A solder according to cia 

or.ore ....-a.sor.in. " ^ rr soiaer. 

concentration, throughout one or more part 

^- „ ro claim 1 wherein different 

- ^""telturea to different extent.. 

^ i-He solder are denacure<a 

30 parts or tne ^ux^^ 

^•r^rr to claiiu 1 wherein different 
' ^"T/erTe P iaea "i- Afferent surface 
re^.torrj:: l^oth .n .^e part, ana at ieast 
35 slightly roughenea in other parts. 
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A^r^r. fo claim 1 wherein the solder 
60 A solder according to ciaxn 

, _^iffener or graft material made 
is applied to a mesh, stiff ener y elastic 
from, for instance, a metal, synthetic fibre or plastic. 

51. A solder according to claim 60 wherein the 
solder is embedded into spaces in a mesh. 

^A^-nn ro claim 60 wherein the 
62 A solder according to cxaxu 

soxaer i. applied as a covering Co all o. part of tl.e 
„esh, sti££ener or graft material. 

e3 . solder according to claim SI or 62 wherein the 
solder is applied only to the ends of a graft material , 
Tel or sti«ener to effect welding of the graft material, 
„esh or stiff ener to the appropriate tissue. 

64. solder according to claim 60 wherein the 
solder is coextruded with or coated onto a 

inert porous structure such as a goretex tube or shape. 

i^i.r according to claim 64 wherein the 

65 . A solder according initially 

r^i r:i::d%r:rrsrstantiaiiy .wer 

renrtion If the hiomolecule .s> ------ " 

to reduce the solvent content so that the final 
riistency of the solder is the same as P--^ 
forming the solder from high concentration solution, 
before being at least partially denatured. 

° 66 K solder according to claim 65 wherein the 

solder in ^luid form is reapplied and allowed to dry after 
the initial application and drying step. 

67 A solder according to claim 1 wherein the solder 
is sterilised after denaturing and before use. 
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^•r.r. ^n rlaim 67 wherein the 
68 A solder according to claim 

3«.Uisati=n is by .a^a ray irradiation, t.r instance at 

000 ra./n,in for =0 .inutos or by 
treatment or by heat treatment, or gas ster.lr.atron . 
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69 A Kit of solder tubes, partial tubas and/or 
.hapes formed from solder according to clarm 1. 

70 A Kit according to Claim 69 comprising tubes 
partial' tubes and/or sl^apes of different sizes to su.t 
different surgical applications. 



71 A Kit according to claim 70 wherein the 
different sized tubes can include different lumen srzes, 
wall thicknesses and lengths. 

72 A Kit according to claim 69 comprising tubes, 
partial' tubes or shapes fashioned from solders made wrth 

-,1^= -including those made with 
^ Hi f ferent biomolecules, inciuamy 

t olrecules which reflect the need to match the reparr 
m tTrial for histocompatibility markers in the anrmal or 
hu.an patient in which the repair is to be made. 

73 A Kit according to claim 69 comprising tubes, 
partial' tubes or shapes including a series of different 
rants, Ught-absorblng substances --r fibres a^ 
with different solder compositions throughout the tubes, 
partial tubes or shapes. 

74. A method of preparing a solder according to 
clai. 1 the method comprising the steps of forming a high 
l entration solution of one or more biomolecule .s, in an 

1 at least partially denaturing the 

aqueous solvent, at xeasu f 

35 biomolecule(s) and drying the solder. 
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75 A method according to claim 74 which includes 
forming' the solid solder rnto a shape which is a hollow 
:Z or into a partial tu.e having a curved cross-sectron 

5 with an elongate open channel. 

76 A method according to claim 74 which includes 
forming' the solid solder into a strip, patch, 

with at least one flanged end or solid rod suitable for 
10 the tissue being repaired. 

77 A method according to claim 75 wherein the 
solder is extruded into a hollow tube the 
pressure extrusion and die set, manufactured of -^^^^^ 
steel or other suitable biologically inert material, or 
formed by injection moulding. 

78 A method according to claim 7 7 wherein the 

^ set have very smooth surfaces to permit 

extrusion and die set nave v ^ 

smooth solder shapes to be extruded. 

79 A method according to claim 77 wherein the 
extruded solder is prepared with an at least slightly 
Toughened surface to enhance contact between the solder 
and the tissue to which it is applied. 

80 A method according to claim 79 wherein, the 
solder has a surface which is roughened on a microscopic 
scale but appears smooth on a macroscopic scale. 

81 A solder tube prepared by the method of claim 77 
.herein' the tube dimensions are in the range of 0^2 mm to 
S cm in diameter, with variable wall thiCness, which 
.aries with tube diameter and strength of the solder, and 

35 is at least 50 Mm- 
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82 A method according to clai.„ 74 which comprise, 
forming' a high concentration solution o£ at least one 
Lo^olecule in an aqueous solvent, extruding the solutron 
without permitting it to dry, at least partially 
denaturing the extruded material, cutting the material to 
length, drying the material and sterilising the material. 

33 A method according to claim 74 which includes 

incorporating a light-absorbing material, such as a dye 

into the solder, to improve light energy deposition in the 

solder, with the light-absorbing material being chosen 

• ^= t-o the energy source that is used xn 
be approprxate to tne eriexyy 

forming tissue repairs involving the use of the solder. 

84. A method according to claim 83 wherein the 

•=i -i c -incorporated by mixxng the 
light -absorbing materxal xs xncorpora ^ 

v.- ^;,t^rial into the solvent and then addxng 
light-absorbxng materxal xnto 

this solution to the biomolecule(s) for mixing. 

85 A method according to claim 74 wherein the 
biomoleoule.s, of the solder is denatured to - 
extent to ensure that the solder will have sufficient 
longevity in vivo for the repair for which the solder iS 
25 being used to be formed. 

86 A method according to claim 74 wherein the at 
least partial denaturation is effected by physical means 
such as heat (direct or indirect), light, radiation or 
ultrasound or chemical means. 

J • ^-r^ r-isim 86 wherein the heat 
87 A method according to ciaxm »o 

denaturation is carried out in an a,^eous environr.ent . 
such as hot water, steam or pressurised steam. 
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88 A method according .o claim 74 which includes 
the addition of various adjuvants to the solder, eg 
fibrinogen (for blood vessels, , growth factors, sod.um 
hyaluronate (for improved viscous handling,, hormones, 
5 and/or anticoagulants, such as heparin. 
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„ A method according to claim 74 which includes 
the incorporation of various fibrous materials into the ^ 

^v. ^-F c=older [eg collagen 

solder to improve the strength of the solder I g 

or polytetrafluoroethylene fibre, or ceramrc frbres). 

90. A method according to claim 89 wherein the 
fibres are biocompatible polymers. 

91 A method according to claim 89 wherein the 
denaturation of the solder with fibrous materials withrn 

IS by chemical means (such as with acid or hydrox.de 
or by heat and may include bonding of the biomolecule , s, 
to the fibres. 

92 A method according to claim 91 which includes 
sterilising the solder after denaturing and before use. 



93 A method of repairing a biological tissue 

• • ^ ^he use of a solder according to claim 1 m 
25 comprising the use oj. 

effecting the repair. 

94 A method according to claim 93 which involves 

30 tissue joins using the solder. 

95 A method according to claim 94 wherein the 
energy source is a laser, and the laser has a wavelength 
appropriate to a light-absorbing substance used to 
35 concentrate the energy at the repair site and is 
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appropriate to the tissue being repaired in that the 
tissue absorbs the energy produced by the laser poorly. 

96. A method according to claim 94 wherein the 
5 energy provided is sufficient to bond the solder to the 

underlying or overlying tissue while minimising damage to 
the tissue. 
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97. A method according to claim 93 wherein the 
method is for joining body tubes combining the use of a 
tubular solder according to claim 1 and a laser fusion 
device . 

98. A method according to claim 97 wherein the 
tubular solder is applied to either fit inside or outside 
or inside and outside both the cut ends of the tube. 

99. A method according to claim 98 wherein laser 
energy is applied either directly to or through the living 
tube to the solder to change its characteristics to make 
it adhesive. 

100. A method according to claim 93 wherein bonding 
involves attaching at least one edge of the circumference 
of a solder tube to the inside or outside of the 
cylindrical surface of a body tube. 

101. A method according to claim 100 wherein the join 
of the body tube is completed by placing both ends of the 
tube within the solder tube and applying energy through 
the solder to bond the solder to the underlying tissue. 

102. A method according to claim 100 wherein the join 
of the body tube is completed by placing both ends of the 
body tube over the solder tube and applying energy through 
the overlying tissue to the solder. 
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103 A .method according to clai™ 100 wherein the Join 
of the body tube i. ccnpleted by placing one end o the 
: L; tube Within the .older tube and one end over the 
.older tube and applying energy to ef£ect bonding. 

104 A method according to claim 100 wherein the tube 
„ be reparred includes a damaged section which reau.re. 

^ ^vflft material with solder applied at 
replacement and a graft materi 

l„st at the ends is joined at exther end to a 

the severed tube. 

105 A method according to claim 100 wherein the 
tissue repair is with respect to nerve tissue or other 
Tissue tubes where the tube contents need to be protected 
frordamage, and welding is ejected transverse to the 
edge of the discontinuity. 

^ -r: ri:Ts:rrro:::tro:Ti:h%rtrie 
::::::::: —grth, m tubu^r .rm, to pro ide a 

guide for nerve regeneration, and severed nerve ends 

101 . A method wherein a solder according to claim 1 
used in tubular form with a sealed end as a cap for 
Id a severed nerve to assist patients who e=.perrence 
discomfort, where severed nerves cannot be re3orned, for 
instance, in amputation stumps. 

108 A method according to claim 93 wherein the 
.l.sue to be repaired is an essentially wide hollow body 
tube, and the repair comprises the insertion of a 
thin-walled hollow cylinder of bio-degradable solder 
Tording to claim 1 inside the tube under repa r so that 
the cylinder spans the severed portions of the tube. 
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109 A method according Co clai- 93 wherein an 
end-to-ena repair is performed by pulling one end o Che 

chro^h . c..e :;;r 

to hold the tube and ends xn place. 
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110 K n,eChod according to claim 93 wherein an end to 
■de repair is performed by providing a tube o£ solder 
rdin o clarm 1 with a flange at one end adapted to 
Tit into a x-shaped incision in the side of a tube rnto 

h ch the end is to be inserted, the free tubular end of 
r o . rTube is attached to the end of the tube to be 
inserted into the x-shaped incision, and the srdes of the 
:!shaped incision are welded around the circumference of 
the solder tube to seal the insertion site. 

Ill A method according to claim 93 wherein the 
tissue to be repaired is selected from the group 
rsisting of living tubular tissues including arterres^ 

„ , ivlp^atics, microvessels, ducts --ding those of 
.he pancreas, liver, and cystic, tear, and prostatic 
ducts, and the ureters, urethra, epididymis, vas , 
fallopian tubes, bowel, bronchi and other 
gastroenterological and respiratory and body and brain 

ducts and tubes . 

J- ^ r-iaim 93 wherein the 
112 A method according to claim w 

tissue to be repaired is selected from the group 

consisting of organs and their coverings such as liver, 

,„en kidney, uterus, testicles, bladder, cystic, 

for eai, "rain and other capsules, coverings and s.in and 

Ties as well as the various internal and peripheral 

. :rer:f the May, the spinal cord and its ramifications. 
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A solder according « cl»rm 1. wherein *e solder 
o r^^>r-t-ial tube having a curved 

::o:r::«r:.:: reii::::^— . ..d .re.. 

having an opening connected with a flange. 

114. use of a solder according to clain. 113 for 
anastomosing and end of a biological t..e to the s.de of 
biological tube. 

115 A solder comprising biornolecules, Wherein the 
" hioJlecules are treated so as to rednce the sol.hrlrt. of 
the solder. 
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Figure 1 
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FIGURE ^ 
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